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MetaPath
Internationally Harmonized Platform

“MetaPath .... has been identified as the harmonized
platform that can be used in an OPP-EFSA (European
Food Safety Agency) project to workshare data
encoding efforts and future development of (metabolism)

decision-support systems.”

Steve Bradbury
OPP Deputy Director of Programs

Health Canada— Pest Management Regulatory
Agency (PMRA)
Invitation:
MetaPath seminar
hands-on training session on it’s capabilities




Computational Tools

for Metabolism Research and Risk Assessment

MetaPath
a metabolism pathways expert system

DER Composer

a software template for efficient data entry to create:
- OPP metabolism studies Data Evaluation Records (DER)
and
- auto-population of MetaPath

Metabolism Simulator

use observed metabolite occurrence data from MetaPath
and knowledge of biotransformation reaction types
to simulate metabolism pathways




Metabolism Computational Tools

MetaPath addresses OPP needs in 3 ways:

1) Repository of data:
rat in vivo metabolism (pathways and metadata)
residues in plants and livestock
environmental degradates in water, soil, air

2) Answers Risk Assessment questions:
OPP - Residues Of Concern Knowledgebased Sub-committee (ROCKS)
Are any of the metabolites (direct formation), residues (in food),
and/or degradates (in drinking water) formed of
toxicological concern?

3) Provides knowledge-base for predictions:
systematic data for building metabolism simulator —



MetaPath - Data Repository

[Guideline 870.7485; OECD 417]

Metabolic maps (pathways) from rats, plants, livestock,
and environmental degradates

Chemical structures of parents and metabolites.

Associated (metadata) coded to:

— Assign metabolites formed to treatment groups (gender; dose
level; exposure route; exposure time)

— species (e.g., rat vs. chicken vs. corn vs. wheat)

— analytical methods used for metabolite id (e.g., first generation
analytical techniques (TLC) vs. more sophisticated separation and
detection (HPLC-MS detection)

‘Residues’ definitions, lists metabolites included in the
tolerance

Tabulates metabolite, residue amounts and other
parameters of interest



MetaPath - OPP Risk Assessment Questions

« Have we seen this metabolite before? Where? How often? Under what
test conditions?

— Structure searches for types of compounds: (e.g. all conazoles)

 Have we seen this toxicophore before? Where? How often?
— Substructure search

« How many pesticides of X chemical class have we assessed? Are
there common metabolites of concern?

 What species, gender, dose differences do we see (e.g. metabolites
found in rat but not chicken; peanut but not wheat; M but not F; low
dose but not high dose, etc)?

« Based on data from similar parent chemicals, was an expected
metabolite not found (e.g., potentially due to different test conditions, or
analytical method used for isolation, separation, identification, etc)?

* What concerns have we noted in the past for similar chemicals? Are we
using consistent rationale for decision making? Is there new evidence?
(potentially can help retain institutional memory)



MetaPath - Knowledge-base for Predictions

for RiIsk Assessment and Research

* Provides database of experimentally-determined
metabolic pathways, all collected under the same
guidelines, to be used for metabolism research and
development of a metabolism simulator

* Are there metabolites of concern that might not have
been measured — due to radiolabel used, analytical
method, experimental condition, etc?

 How likely is it that transient toxic intermediates were
formed? What are they?



General METAPATH Display Overview.
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Similarity Searching: Setting up a Query (Q)
The database can be searched by building Queries (Q)
by structure or sub-structure, species, dose administration, etc.

Simple (one parameter; Q1) or complex
(multiple parameter; Q1 to Qx) searches
can be designed, for example, to find all
chemicals in the database with the
following:
Species = rat;
Administered Dose = oral gavage;
Metabolite = 1,2,4-tr12Z01€ w—t—

Search clauses (Q1 - Qx) may be
combined as "AND", "OR", or "NOT"
and search results are displayed in a "pop-
up"” window (next slide).
Searches can be saved and reloaded for
future use.




Within the entire
database of
maps, 3
metabolites were
found that satisfy
the search
criteria, i.e.,

a triazole
metabolite found
in rats dosed by
oral gavage.
Info is provided
to trace back to
the parent
chemical and the
entire metabolic
pathway.

Similarity Searching: Display of SEARCH RESULTS

A numbered list of SEARCH RESULTS
(screen below) correspond to the viewed
structure and tree listings on the original start
up page of the program. The blue highlighted
cursors will move as one scrolls through the
SEARCH RESULTS numbers on the screen

below.
<+
SEARCH RESULTS
» for Query built from
Q1+Q2+Q3
(previous slide) RESULTS may be viewed

L

with respect to metabolic
‘Products’ or parent
chemical ‘Source’.




Map Comparisons — One selected map is compared to another, or to all others within a
database.

Example: All 3 metabolites found in chickens exposed to tebuconazole (right screen — green
boxes) are found in rats (left screen- green boxes), however, many more metabolites are
found in the rat that do not occur in chicken (left screen — no boxes).



Bioassay information associated with the study for a given chemical/map may be
displayed as RESULTS tables for user interpretation, or selected for export and
printing.

etabolic Pathways (beta)(C:\Program FilesMOASIS- L MCiWMetaPath\DatadOPP_databaselDatabases To Send To OPPYmetabolism maps_41.MTB), Logge. ..
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:I 1. Male Rat [U-14C-phenl]-T sbuconazale 2 magskag - [U-14C-phenyl]-Tebuconazaole (2 MGHGE) Female Rat Metabolizm (96)
12 Female Rat [U-14C-phenyl]-Tebuconazole 2 madkg Lrine - Female Feces - Female Total Excretia
3 Male Rat [U-14C-phenyl]-Tebuconazale 20 malkg 2 mgfkg 2 mg/kg - Female 2
14 Female Rat [U-14C-phenl]-Tebuconazole 20 makg Hiw'is 24435 13.20 25.00 34,20
15 Male Rat [3.5-14C triazole]- T ebuconazole 20 mg/kg

ECWwW 4393 22 5.10 Mo data 5.10

716 Female Rat [3.5-14C-tiazole] Tebuconazole 20 mofkg
1 7. Chicken [U-14C-phenyl]-Tebuconazole ECW 4390 2.10 Mo data 2.10
18 Peanut Map for [3.5-14C-triazole]-tebuconazole
13 Peanut Map for [U-14C-phengl]-tsbuconazole

110, Wheat Map for [2.5-14C-triazole]-tebuconazale ECW 4573 1.10 0,10 1.20
11, [U-14C-pheryl]Tebuconazole in Matural YW/ ater

12 [3.5-14C tnazole] T ebuconazale in Matural '/ ater
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Hww'iz 2061 0.:30 19.60 19,90
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115 Bitertanol metabolizm in Fats - oral 100 and 1000 mg/kg dos SR floldaka sl 2
E. Rat [U-14C-phenyl]-Tebuconazole ECW 4552 Mo daka 3,350 3.30
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Table ¥:Adminiztered radioactivity from [U-14C-phenyl]4tebuconazaole in excretia [95]
5)\' & ' E Total Radio-label Recovered in Rat Excretis After 72 Hour=(%%)

Males Fermales
H Urire 16,00 29.00
Iy ] Feces 79.00 &5.00
==

Total Excretia 95,00 94,00




DER Composer :

System for Auto-population of MetaPath

e Data is captured in DER Composer and
saved as both:
— XML file for automatic population of METAPATH
— *.doc file for submission of draft DER to OPP

« Efficient standardized data entry
— QA protocols and checklists

* Allows easy updating of MetaPath into the
future



screen shots from ‘DER Composer’ software

YHEHD Q@

DATA EVALUATION RECORD

—
1. General info Hﬂmm Reswlts | ¥, DiscLission and conclusions | . Appendix

‘General Info’

screen
corresponding to
first page of an
OPP rat
metabolism Data
Evaluation
Record (DER);
currently used
for entry of
archived DERs,
but could be
used to build
new DER.

Header
EPA REVIEWER: | Signature
_[[insert Branch], Health Effects Division (7509C) DATE: |7/9/2008
>A SECONDARY REVIEWER: | Signature
_[[insert Branch], Health Effects Division (7509C) DATE: |7/9/2008
EPA WAM: | Signature
) |[Ir‘|sert Branch], Health Effects Division (7509C) DATE: |?’f'9f 2008
TXR#: |
DATA EVALUATION RECORD
STUDY TYPE: |Metabolism Rat] OPPTS 570.7485'85-1)]; OECD 417
PC CODE: |
SUBMISSION NO:
TEST MATERITAL: |
TESTMATERIAL PURITY: | o4
IUPAC/SYSTEMATIC NAME: |
SYNONYMS: |
CITATION
+ 7B
Reference MRID

Note the OPP
and OECD

guideline
numbers

.

| O, P N g |




TS PLaUILIOUSIGU LSS0 THaLST al

‘Materials and
Methods’ tab,
Part A:
Materials.

Chemical
structure can be
drawn with
internal
structure
drawing
package, or
from imported
SMILES string.

Non-Radiolabelled test material: |F|u0><astrobin, E-isomer

Description: |c0|0rless crystals

Lokt /batch #: |M00356 (MRID 99999999, 1

Purity: [98.8 %

Contaminants: |n0ne noked For either test article

CAS # of TGAL: |193740-76-0
Qg
\I_ o-—CH
Structure: _ﬁ'

2. ¥ehicle and/or positive control

|Methoxyiminotolyl-ring-UL-14C] Fluoxastrobin was suspended in 0,5%: Tragacanth solution, Mo positive controls were utilized in any of ¢

3. Test animals

Species: |rat

Sheain: IWistar Hsd/Cob:w




‘Materials and
Methods’ tab,

‘Remarks

Treatment Group [Dose (nominal) |Dose {measuUred) |Number |Se><
1 0.8 4 Male

7

4
11
10
12
9

1
1
100
100
1
1
1

1.1
1.0&8
49
a9
0.34
0,53
0.54

Male
Female
Male
Fermale
Male
Female
Mala

L1 T B N O O O O I 4

feces,urine; oral; single; 72
feces urine; oral; single; 48
feces urine; oral; single; 48
feces Lrine; oral; single; 48
feces Lrine; oral; single; 48
feces Lrine; oral; multple; 48
feces,urine; oral; multple; 42
bile feces urine; oral; sindle; 24

Part B: Study
Design and
methods.

This information
is captured in
table format

similar to what
is found in the
DER.

2. Dosing and sample collection

Table2a | Tablezb |
R

Text boxes are

included for addition

of explanatory
information as

typically found in

DERs.

Treatment Group

|Matri>< ‘Samplu‘lvlajor Method

Corjugate Anabysis

Analytical JAnalytical DetectiRemarks

10a,11a,12a,1a,3a,4a,64,7a,9a gurine 48 hr none

6,90

bile

10b,11b,12b,1b,3b db gb,7b ob feces 48 hr ACK water extracton
24 hr yophilized fwater recon

glucuronidase and sulfatase HPLC

HFLC
HFLC

MSMS
MSMS
MR and LCMS

test 2 samples p
pooled samples o

Analytical
method details
can be captured
as text, or more
systematically in
a Table.




ed XML'sV028869_Fluoxastrobin_mock-up_presentation.xml - DER Composer

FRHEHE @

DATA E¥YALUATION RECORD

1. zeneral info I IL. Materials and methods 11, Results II\-'. Discussion and conclusions I Y. Appendiz I

&, Pharmacokinetic studies  B. Metabolite characterization studies |

DER. Composer ¥v3r13

1. Urine: Following enzymatic cleavage, seven urinary metabolites were identified {one tentatively). The quantitation of these companents From eight of the test groups is surmmarized in Table 7. Mone of the

metabolites represented more than -5.2% of the administered dose. For most of the treatment groups, Metabolite 14 was the most prevalent metabolite accounting For greater than 4%

aof the administered dose in all groups except the single high-dose males (Test 4), and the bile cannulated rats (Test 9). The urinary metabolites were primarily the result of cleavage between the second and

third rings of the parent compound (Metabolite 18) and between the first and second rings (Metabolite 13). The urinary metabolite profiles of the various test
groups did not appear to exhibit significant quantitative or qualitative. differences. Similarly, there was no notable gender-related variability,

falta| @ +ag|o|@[fes

Tablega Tabledb |TabIeEic|

Tahle Title ITABLE.B. Fecal metabalites (%%of dose over 24-48 hrs) of [methosxyimir

Columns Title IFecaI metabaolives

Enter a single numerical entry or " +"

Fecal metabaolite

1.5

0.8

1.8

129

2.1

0.6

o4

0.2

2.2

1.3

3.5

11

11

1.0

58.2

15.2

2.1

-

N1

0.7

6.5

1.2

3.2

0.6

2.8

0.9

0.7

0.4

60.3

14.2

2.4

.4

1.7 5.4
0.3

0.4 0.4
6.3 4.7
1.2 0.9
1.3 0.6
1.7 o4
0.5 0.7
8.3 0.e
0.6 1.0
3.0 1.6
0.5 0.5
0,95 0.4
0.3 0.3
531 81.9
121 2.1
1.6 1.6

6.7

0.3

0.1

2.4

0.3

0.z

3.7

0.7

0.4

01

7.6

5.6

1.2

-

6.7

0.3

0.7

5.3

0.8

2.6

a.8

g1

2.6

0.8

2.3

0.6

52.6

12.3

2.8

Male 1 mgfkg |Male L ma/kg [FeMale 1 mafkg |Male 1000 mgfka |Female 1000 mafkg |Male 1 ma/kg multiple |Female 1 mgfkg multiple

6.3 1.7 2.5 53.1 43.0 7.1 7.5

g.8

0.2

0.7

4.7

0.8

2.6

0.4

4.5

0.9

1.3

60.5

13.5

2.3

Tables are built for
Pharmacokinetic
and Metabolite
Characterization
data.

>

£

{3 LostfUnaccounted = Total urinary recovery -Tokal IdentifiedfAccounted

(41 Tatal = % of total urinary radioactivity {Tokal identifiedfaccounted + Toktal urinary radioactivity recovery)

{5} 50% Metabolite 1/50%: Metabolite 2 - both were lisked together in DER, table (ADW)

Modified |



2micals to be coded\Completed XMLs\DZ28869_Fluoxastrobin_mock-up_presentation.xml - DER Composer

SEENRET '

DATA EYALUATION RECORD

1. Materials and methods ] III, Resulks  I¥. Discussion and conclusions | v, Appendix ]

'ORS" COMCLUSIONS:

DER. Composer v3rl3

D 299999999 were conducted to determine the metabaolism and distribution of [methoxyiminotolyl-ring-UL-14C] Fluoxastrobin in male and Female rats following single {1 mgfkg and

multiple {1 mgfkgiday for 14 days) oral doses, Biliary excretion experiments were also conducted at the low dose, Excretionfdistribution profiles, kinetic parameters, mass balance, and

=5 were assessed for each treatment protocol, An autoradiograpby study (MRID B58558558) examined absorption time course distribution pattern in male and Female rats over 48 hours

= 3 mgfkg gavage dose. Recovery of administered radioactiviby was 91.1-106.6%. The investigator concluded that Fluoxastrobin was rapidly and nearly completely absorbed. Excretion wia expired
uential { 0.02%) thereby affirming stability of the molecule. The major route of excretion was in the feces via the bile with biliary excretion accounting for 87,4% of a single low dose, and
epresenting 70.4-90,1%: of the single low dose, single high dose, and 14-day repeated low dose, Urinary excretion accounted For 11-20%: of the dose (4,8%: in bile-cannulated rats),

smplete (99, 3% within 48 haours Following dosing, Tissue/body burdens of radioactivity were low (0,3-0,7% of administered dose) at the time of termination regardless of dose regimen.
ikaradiography experiments confirmed the rapid absorption and mininal tissue burdens. The study author concluded that there was no evidence For accumulation of the test article or its

sie and organs, Slight wariations in plasma radioactivity were considered indicative of limited enterohepatic circulation. Metabolism of [methosyiminotalyl-ring-UL-14C] Fluoxastrobin was rapid and

OMMEMNTS:

» administered radioactivity in all experiments was excellent (91-1079%), Based on excretion profiles and plasma concentration data, Fluoxastrobin|was rapidly and thoraughly absorbed (Emaz of
he low dose and 5.4-8.0 hrs For the high-dose groups) Following single or multiple low {1 mgfkg) doses but appeared to be saturated at the 100 mgfkg dose. At the high dose {100 mg/ka),
-omewhat limited as shown by an AUC of 54,10 - 61,30 gfmlL br vs. 1,18 - 1,52 g/mL br For the low and multiple-dose groups, and Cmax walues that were only 14 - 33 Fold greater than the

. Plasma elimination was biphasic with an initial phase at 0.7-3.5 hrs For the single and multiple low dose groups and 2.3-4.,1 hrs for the high-dose groups. A secondary phase occurred at 10

the low- and high-dose groups, respectively, Urinary excretion was essentially complete (>=90%) at 24 hours postdose and the majority of Fecal excretion of radioactivity occurred within 24
ncentration-time ploks were suggestive of enterohepatic circulation but this was minimal and still allowed For relatively rapid and complete excretion of administered radioactivity, The major

n was via the bile and subsequently the feces, In rats without bile cannulae, Fecal excretion accounted for 70.4-84, 7% of the administered low dose over 48 hours, In high-dose groups, fecal
ightly higher (86.4-91,1%) with much of the Fecal radioactivity (43-54% of administered dose) attributed ko parent compound due to saturated absorption, In rats with bile cannulae, biliary
ented 57.4% of the dose and Fecal excretion was correspondingly lawer (10,69%), Urinary excretion accounted For 16,9-20,2% of the administered law dose and 11.0-14,9%: of the high
dosing did not affect excretion profiles and there was no biologically relevant gender-related wariability . Elimination wia expired air was inconsequential {0.02%). Tissueforganfcarcass burdens

CIENCIES:

Text boxes are
included for addition
of explanatory
information as
typically found in
DERs.

0 be an inconsistency in the absorption £1/2 values for Groups 3, 4, and 11 (Table & of this Date Evaluation Record) relative to the plasma concentration-time data {Table 3 of this Data

rd), Specifically, the plasma concentration-time data {Table 3) would appear to suggest absorption half-times of approximately ar greater than 0.1, 0.6 and 0.6 hrs Far Groups 3 (1 mafka), 4
d 11 (100 mgjlg), respectively, rather than the reported walues of 0.01, 0.07 and 0.07 hrs. Although this discrepancy does not compromise the walidity of the studies, it is a curious anomaly
inckion of the software generated values For the kinetic parameters or simply a misplaced decimal point. The reviewer would request clarification From the investigatorsjregistrant, There were
nk deficiencies in the design, conduct, or reporting of these studies,
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DATA EYALUATION RECORD

[ General info ] II. Materials and methods ] III, Results ] I¥, Discussion and conclusions ¥+ Appendix

DER. Composer ¥y3rl3

Appendixla l

+ ge | R

Test# |Sex Mumber |Dose Route  |Dose (nominal) Dose {measured) Dose Type  |Test Duration Matriz  |Experimental Descriptor Remarks ~
1 migfkg 0.8 mo/kg single

b Male 4 oral 1 migfkg 0.8 mogfkg single 7zh feces

Ta Male ) aral 1 mafkg 1.1 mgfkg single 48 h uring Append|x Table 1:

b Male 4 oral 1 migfkg 1.1 mg/ka single 48 h feces )

3a Female 4 aral 1 migfkg 1.06 mgfkg single 48 h urine ' SyStematIC Captu re Of treatment group

3b Female 4 oral 1 mg/kg 1.06 mg/kg single 45 h feces paramete rs for'

43 Male 4 aoral 100 matkg 49 markg single 48 h uring _Autopopula’tion Of DER Table 1

4h Male 4 aral 100 ma/ka 49 mafkg single 48 h feces L. . i

1la |Female 4 aral 100 rmgfka 99 magfkg single 45 h urine -SpeCIfylng metabOI Ite dlffe rences

11k |Female 4 aral 100 rmgfka 99 magfkg single 45 h feces due tO treatments, gender, matrix

10a Male 4 aral 1 migfka 0.94 mafka riulkiple 45 h urine

Appendix2 l

=" Relation

* 8 & @\ * Tree (™ List

D | Chemical Name | SMILES | Parenkis) | Expertise ”~

1 Parent M{=CHC1=NOCCO e c{cooc L )Oc olel, .

2 Metabolite 1 M1=C(OCCONC=NOC)cloccec )0, 1

3 Metabolite 2 MC{=00C(=N0Cclo{occc 130c i nencie,.. 1

4 Metabolite 3 ofC@@H]Lo[CaH][C@@H)[CaH]... 1

5 Metabolite 4 {isomer 1) MC{C{=0MCSclcc{efocl)Ocineneicl,., 1 Expert ADW: 5,.,

& Metabolite 4 (isomer 2) WC(C (=000 CSc cofefoc )CDOc nenel, .. 1 Expert ADW! 5., Append|x Table 2:

7 Metabolite 5 Ofcicc{cfeclOoC)CNOcinene(clFYOctc,., 1 Expert 13: gluc... )

=3 Metabolite & CU{C{c2e{0c3c(Fio{Oodo{Chec{Oic(OC,., 1,7 Expert abw: gl... .

9 Metabolie 7 ofclce(c{cclO[C@HI[C@@HIOC... 1,8 Expert AD4W: gl... Chemical structures of parents and

10 Metabolite 8 Ofcicc{cfec1OChOcinene{c1FYOcticle... 1 Expert aDWw: gl... “ q . .

11 Metabolite 9 Ofclec{cfec1 ) NOcinenc(clFOciclee.,.. 1 Expert ADW!: gl... metabohtes entered as SM I LES StrlngS,

12 Metabolite 10 M1=C{OC(COLON (=MOC cle{coccl)... 1 Expert 13: kaedr...

13 Metabolite 11 ClC{c2ef0c3c(FiciOncn3)cocc2)=M... 2 Expert ADW!: 0., B/

13 Wetabolte 12 Ni=C(oCCOnT(aNoOXIdeeeelo 2 Connectivity between parent and each

15 Metabaolite 13 O1C(=NOCC =00 c{coecl)0cicle,., 2 i i i

16 Metabolice 14 (isomer 1) Ocleciolccl OO inencic L P cle,,. 8,9 Expert B0W! is... metabOIIte (I'e" the mEtab()IIsm pathway)

17 Metabolite 14 {isomer 2) M1=C(OCCONC=N0C)clafccecl )0, 8,9 Expert A0W! is..,

18 Metabolite 15 {isomer 1) Ccloc{efcclOOcinene(cl FYOclclocce,,, 7,8 Expert A0 O,

19 Metabolite 15 isomer 2) Oclofo{c{ocliCcinono{clFYOcic{coccl,,, 7,8 Expert ADWY: O,

20 Metabolite 16 M1=COCCONC=NOC)cloicoec )0, 11

21 Metabolite 17 M1=COCCONC=NOC)clocoec1 )0, 11

22 Metabolite 18 CUC{c2e0c3c(Fio 0o Chocc{0dcd)... 11

23 Metabolite 19 CUC{c2e0c3c(Fio 0o Chocc{OCP-,.. 11 Expert abw: gl...

24 Metabolite 20 C(=C0C{c1 el Oc2eFic{Oncn2)cocc )., 13

Z5  Metabolite 21 O=C{M)C(=NCOCicic{occciOcinencic... 24

26 Metabolite 22 MWACrlolcoocl o 25 v




Summay - USES OF METAPATH

 Allows a systematic compilation of experimental information on observed
metabolites, biotransformation reaction types, and relative biotransformation
rates into a structure-searchable database.

 Provides structure-based accessibility for identifying metabolites and
transformations observed under specific testing environment.

* |dentifies differences in metabolic maps traceable to gender, exposure
dose, species, analytical extraction and detection methods used for
metabolite id, etc.

* Identifies similar metabolites (e.g., with common toxicophores) arising from
different parent chemicals.

|ldentifies metabolites appearing as residues in plants, livestock (food
sources) and environmental degradates (drinking water sources) that
contain a potentially toxic moiety, to evaluate residues of concern

*Assists in the preparation of documents and reports.

* Provides databases of experimentally-determined metabolic pathways, all
collected under the same guidelines, to be used for metabolism research
and development of a metabolism simulator



Next Steps: MetaPath & DER Composer

e Current focus:
— Locating and coding remaining rat in vivo metabolism pathways from
OPP files for registered pesticides
— Fully implement use of DER composer in OPP by contractors
producing draft metabolism DERSs

— Working with ROCKS to optimize use of MetaPath in RA

e Near Term:

— Build ‘DER Composers’ for additional study types:

* Residues in plants, livestock (OPP/HED; ROCKYS)

— OPP, ORD, EU_EFSA discussing collaboration especially on collection of
plant and livestock residue data;

* Environmental degradates (OPP/EFED; ROCKYS)
« Exploring further EFSA and Health Canada PMRA interests

 Longer Term:

— As knowledge-base continues to build, shift emphasis more to
metabolism simulators (highly complex computational challenge)

— In-lab testing of hypotheses generated using these computational
tools
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